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(54) ARTIFICIAL DURA 

(57) The present invention provides an artificial 
dura mater prepared from an biodegradable and bioab- 
sorbable synthetic polymer sheet and having a total 
light transmittance of 30 % or more as defined by J IS 
K7105. a haze (cloudiness value) of 80 % or less as 
defined by JIS K7105 or a specular glossiness at 60* 
(Gs 60*) of 1 0-20 % as defined by JIS Z8741 . 
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Descrtption 

TECHNICAL FIELD 

5 [Q001 ] The present Invention relates to an artificial dura mater to be used for prosthesis of dural defect in the field 
of neurosurgery and a method for treating the dural defect. 

BACKGROUND ART 

10 [0002] The dura mater occumng t>etween the cranial bones and brain and covering the spinal cord protects the 
brain and spinal cord and inhibits leakage of cerebrospinal fluid. In the field of neurosurgery, a defect or contracture of 
the dura mater used to be filled with lyophilized products of human dura mater. However, the lyophilized products of 
human dura mater had drawbacks such as low homogeneity and short supply Further, a possible transmission of infec- 
tion of Creutzfett-Jaoob disease through tiie use of tiie human dura mater was reported (Noshinkeigeka; 21(2), 167- 

IS 170, 1993} and. eventually, the Japanese Ministry of Health and Welfare banned the use of the lyophilized product of 
human dura mater on April 7. 1997. 

[0003] To solve the above drawt>acks, artificial dura mater made of silicone, for example, was developed. However, 
the silicone dura mater has fallen into disuse as it was reported that the silicone dura mater predisposed to meningor- 
rhagia by remaining in vivo permanently because it was non-biodegradable, whereby being a chronic stimulant for the 

20 surrounding tissue to cause hypertrophy of the granulation tissue. 

[0004] In contrast, artificial dura maters made of biodegradable and bioabsort^le materials such as collagen 
(Journal of Biomedical Materials Research; Vol. 25 267-276, 1991) and gelatin (No to Shinkei; 21 1089-1098, 1969} 
were produced, but they were not in practical use because of strength-related problems. I.e.. because of the insuffi- 
ciency in the suture strength to be sutured integrally with the internal dura mater. 

25 [0005] The applicant provided, in Japanese Unexamined Patent Put>Iication No. 8-80344, an artificial dura mater 
coiT^rising a sheet made of a biodegradable and bioabsort^able polymer, for example, a copolymer of lactic acid and 
caprolactone and. further, an artificial dura mater comprising introducing a biodegradable and bioabsort>able polymer 
made of a material different from that of the sheet as a reinforcement between the sheets and integrally molding tiie 
sheets and the reinforcement. 

30 [0006] An object of tiie present invention is to provide an artificial dura mater v4iich allows to observe the brain sur- 
face therethrough after covering the operative field witii the artificial dura mater. 
[0007] Another object of the present invention is to provide a method for treating aural defect. 

BRIEF DESCRIPTION Q F DRAWINGS 

35 

[0008] 

Fig. 1 is a spectrum showing a total light transmittance of tiie artificial dura mater obtained in Example 1 of the 
present invention. 

40 Fig. 2 is a spectrum showing a total light transmittance of e-PTFE manufactured by W.L.Gore & Associates, Inc. 
(GORE-TEX (registered trademarl^). 

Fig. 3 is a spectrum showing a total light transmittance of a lyophilized cadaveric dura mater manufactured by 
Toklbo (Tutoplast Dura (registered trademarl^). 

4S DISCLOSURE OF INVENTION 

[0009] An artificial dura mater of the present invention is characterized by comprising a biodegradable and bioab- 
soifsable synttietfc polymer sheet, and having a total light transmittance of 30 % or more as defined by JIS K7105. 
[001 0] Further, an artificial dura mater of ttie present invention is characterized by comprising a biodegradable and 
so bioabsort>at)le synthetic polymer sheet, and having a haze (doudiness value) of 80 % or less as defined by JIS K7105. 
[001 1 ] Moreover, artificial dura mater of tiie present Invention is characterized by comprising a biodegradable and 
bioabsort3able synthetic polymer sheet, and having a specular glossiness at 60"* (Gs 60**) of 10-20 % as defined by JIS 
Z8741. 

[001 2] The present invention furtiier provides a method for treating dural defect which comprises covering the dural 
55 defect by suturing the residual native dura mater integrally witii an artificial dura mater according to any one of claims 
1-7. 

[0013] According to tiie invention. Examples of the biodegradable and bioabsorbable syntiietic polymer are 
aliphatic polyesters (polyglycolic ackl, polylactic acid, polycaprolactone. polyvalerolactone and copolymers thereof). 
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polyesterether (poly-1 ,4-dioxanone-2-one, poly-1 ,5-dioxepan-2-one, ethyleneglycol-said aliphatic polyester copolymer, 
propyleneglycol-said aliphatic polyester copolymer) and copolymers of the aliphatic polyester and polyesterether. pref- 
erably a copolymer of lactic add (L form, D form, D.L form) and caprolactone. more preferably a copolymer of L-lactic 
acid and e - caprolactone. 

s [0014] The artificial dura mater of the invention has a total light transmittance of about 30 % or more, preferably 
about 50 % or more, more preferably about 70 % or more as defined by J IS K7105. 

[001 5] A haze (cloudiness value) of the artificial dura mater may preferably be about 80 % or less, more preferably 
about 70 % or less. 

[0016] A specular glossiness at 60"" (Gs 60°) of the artificial dura mater may preferably be about 10-20 %, more 

10 preferably be about 15-18 %. 

[0017] Examples of a preferable artificial dura mater of the invention are an artificial dura mater having a total light 
transmittance of about 30 % or more as defined by J IS K7105 and a haze (cloudiness value) of about 80 % or less as 
defined by J IS K7105, especially an artificial dura mater haying a total light transmittance of about 70 % or more and a 
haze (cloudiness value) of about 70 % or less. 

15 [001 8] The artificial dura mater of the invention may especially preferably have a total light ti'ansmittance of about 
70% or more, haze (cloudiness value) of about 70 % or less and a GS 60** of about 15-18 %. 
[001 9] If at least one of the total light transmittance. haze (cloudiness value) and GS 60° is in the above range, tiie 
sheet to be used is not limited to said biodegrad£A)Ie and bioabsorbable syrrthetic polymer sheet. 
[0020] In addition, tiie artrfidal dura mater of the invention may be foamed or in the form of a porous film having 

20 micropores. 

[0021] If the total light transmittance is lower than 30 % as defined by JIS K7105. it will be difficult to observe ttie 
brain surface through tiie resultant artificial dura mater. Also, if the haze (doudiness value) is higher than 80 % as 
defined by JIS K7105, it will be cBfficult to observe the brain surface through the resultant artifidal dura mater. 

55 BEST MOPE FOR CARRYING OUT THE INVENTION 

[0022] The following example serves to illustrate the present invention. It is to be understood that the example is 
not restrictive of the present invention. 

30 (Example 1) 

1 . Production of Polymer 

(1) Rim (Sheet) Portion 

35 

[0023] L-lactide/e-caprolactone copolymer [molar ratio: 50 /50; weight average molecular weight by GPC: 1 50,000; 
hereinafter referred to as P (L-LA/CL) (molar ratio: 50/50)] was syntiiesized in a conventional manner. 

(2) Reinforcement (Nonwoven Fabric) Pbrtion 

40 

[0024] Pdyglycolic add (intrinsic viscosity = 1.18) was produced in a conventional manner. 

2. Production of Rim (Sheet) 

45 [0025] 1 . P (L-LA/CL) (molar ratio: 50/50) obtained In (1) was dissolved in a solvent (chloroform) so tiiat tiie result- 
ant solution contains 5 wt% of P (L-LA/CL) (molar ratio: 50/50). After completion of dissolution, the solution was sub- 
jected to filti-ation to remove insoluble matter. The solution was then casted on a glass plate (flow casting) and subjected 
to an air drying, fdlowed by a vacuum drying at 50°C for 12 hours to remove the solvent completely. 

so 3. Production of Reinforcement (Nonwoven Fabric) 

[0026] 1 . A nonwoven fabric was produced by spinning the polyglycolic acid obtained in (2) to obtain a polyglycolic 
acid yarn having 20 deniers, followed by drawing, and then circular knitting tiie drawn yarn and needle punching ttiis 
knitting. 

55 

4. Composite 

[0027] An artificial dura mater having a three-layer structure (film thickness of 200 yon) was produced by integrally 
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molcfing the reinforcement (nonwoven fabric) obtained in (3) with the films (sheets) obtained in (2) placed at both sides 
of the reinforcement by vacuum press at a temperature of 140*C and a pressure of 50 kg/cm^. 

(Total Light Transmittance Test) 

5 

[0028] The artificial dura mater obtained in Example 1 . e-PTFE (GORE-TEX (registered trademarl^) and a lycphi- 
lized cadaveric dura mater (Tutoplast Dura (registered trademark)) respectively were cut into test pieces each having a 
size of 50 mm x 50 mm. and then the transmittance of each of the test pieces was measured by means of an automatic 
spectrophotometer (UV310PC. manufactured by Shimazu Seisakusho). The measurement results are shown in Table 
10 landRgs. 1-3. 



Table 1 



IS 





Test Piece 


Wavelength (nm) 


Example 1 


e-PTFE 


Cadaveric Dura Mater 


350 


71.7 


2.4 


0.1 


550 


74.2 


3.9 


2.3 


850 


90.0 


6.3 


7.0 



[0029] Fig. 1 shows a transmittance spectrum of the artificial dura mater of the invention obtained in Example 1 . 
Fig. 2 shews a transmittance spectrum of the e-PTFE (GORE-TEX (registered trademark)). Fig. 3 shows a transmit- 
25 tance spectrum of the lyophilized cadaveric dura mater (Tutoplast Dura (registered trademark)). 

[0030] As is apparent from Table 1 and Figs. 1 -3. the artificial dura mater of the invention have a good transmittance 
which allows to observe the brain surface therethrough. 

(Haze (cloudiness value) Test) 

30 

[0031] The artificial dura mater obtained in Exanple 1 , e-PTFE (GORE-TEX (registered trademarl^) and a lyophi- 
lized cadaveric dura mater (Tutoplast Dura (registered trademark)) respectively were cut into test pieces each having a 
size of 50 mm x 50 mm. and then the hazes (cloudiness values) of each of the test pieces were tested in accordance 
with J IS K7105 using a direct-reading haze computer (HGM-2K manufactured by Suga Test Instruments Co., Ltd.). The 
35 measurement results are shown in Table 2. 



Table 2 





Example 1 


e-PTFE 


Cadaveric Dura mater 


Haze (Cloudiness Value) 


63.3 


98.4 


99.2 



(Specular Glossiness at 60° (Gs eo*") Test) 

45 [0032] The artificial dura mater of the invention obtained in Exarrple 1 was cut into a test piece having a size of 50 
mm x 50 mm, and then the Gs (eO"") of the test piece was measured in accordance with JIS Z8741 by using YGV-5K. a 
digital deformation giossmeter manufactured by Suga Test instruments Co.. Ltd. The Gs (60"") of the artif icial dura mater 
of Example 1 was measured to be 17. 

[0033] As explained atx)ve, according to the present invention, it is possible to observe the brain surface after cov- 
50 ering the operative field with the artificial dura mater of the invention, and the artificial dura mater of the invention is 
sutured integrally with the internal dura mater easily since the internal dura mater can be observed through the artificial 
dura mater even during the operation. 

Claims 

55 

1 . An artificial dura mater which is characterized by comprising a biodegradable and bioabsorbable synthetic polymer 
sheet, and having a total light transmittanoe of 30 % or more as defined by JIS K7105. 
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2. An artif tcial dura mater comprising a biodegradable and btoabsorbable synthetic polynner sheet, and having a haze 
(cloudiness value) of 80 % or less as defined by JIS K7105. 

3. An artificial dura mater comprising a biodegradable and bioabsorbable synthetic polymer sheet, and having a spec* 
5 ular glossiness at 60° (Gs 60^ of 10-20 % as defined by JIS Z8741 . 

4. The artificial dura mater according to any one of claims 1 -3. wherein the biodegradable and bioabsorbable syn- 
thetic polymer Is at least one selected from the group consisting of aliphatic polyesters (polyglycolic acid. poiy(L 
form, D form, D,L form)lactic acid, polycaprolactone, polyvaierolactone and copolymers thereof), polyesterether 

10 (poly-1.4<liQxanone-2-one. poly-1 ,5<liQxepan-2-one. ethyleneglycol-said aliphatic polyester copolymer, propyl- 
eneglyool-said aliphatic polyester copolymer) and copolymers of the aliphatic polyester and polyosterether. 

5. The artificial dura mater according to claim 4, which is characterized in that the biodegradable and bioabsort^able 
synthetic polymer Is a copolymer of lactic acid and caprolactone. 

6. The artificial dura mater according to any one of claims 1 -5, which is characterized by having a three layer structure 
comprising integrally molding the sheets and a reinforcement prepared from a biodegradable and bioabsorbable 
synthetic polymer different from that of the sheets in such a manner that the reinforcement is sandwiched between 
the sheets. 

7. The artificial dura mater according to claim 6, wherein the reinforcement comprises at least one selected from the 
group consisting of a lactide^c - caprolactone copolymer which is different from that of the sheet in the mdar ratio, 
polyglycolic acid, polylactic acid and lactic acid/glycolic acid copolymer. 

25 8. A method for treating a dural defect, comprising covering the dural defect by suturing an artificial dura mater 
according to any one of claims 1-7 with the residual native dura mater. 
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